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A transfected primary or secondary cell of verte- 
brate orig\n having stably integrated into its 
genome : 

a) exogenous DNA which encodes erythropoietin and 

b) DNA sequences, sufficient for expression of the 
exogenous DNA in the transfected primary or 
secondary\cell, 

the primary or ^secondary cell capable of expressing 
erythropoietin . 

The transfected nrimary or secondary cell of verte- 
brate origin of Claim l^elected from the group 
consisting of: tralnsfected fibroblasts, transfected 
keratinocytes, transfected epithelial cells, trans- 
fected endothelial pells, transfected glial cells, 
transfected neirfaloeNlls, transfected formed ele- 
ments of the\l£lood, tnansfected muscle cells, 
transfected hepatocyjfefi , .gnd transfected precursors 
thereof . 



20 3. The transfected jSirimaf^ or secondary cell of Claim 2 
which is of mammalian origin. 



The transfected primary br secondary cell of ClaimJ 
selected from the group consisting of: transfected 
primary human cells, transfected secondary human 
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cells, transacted primary rabbit cells and trans- 
fected secondary rabbit cells. 

The transfectec^ primary or secondary cell,, of verte- 

laim^J^tf£ich additionally includes 
DNA encoding a selectable marker. 

The transfected primary or secondary cell of Claim 5 
selected from thel group consisting of: transfected 
fibroblasts, transfected keratinocytes , transfected 
epithelial cells, '^transfected endothelial cells, 
transfected glial cells, transfected neural cells, 
transfected f ormed \ elements of the blood, trans- 
fected muscle cells', transfected hepatocytes, and 
transfected precursors thereof. 

The transfected primary or secondary cell of Claim 6 
which is of mammalian origin. 



The transfected primary or secondary cell of Claim 7 
selected from the grotop consisting of: transfected 
primary human cells/ t^ransf ected secondary human 



cells, transfected 
fected secondary ri 



primary rabbit cells, and trans- 
ills. 



The transfected priUaryi or secondary cell of verte- 
brate origin of Claijm ll selected from the group 
consisting of: 

a) transfected primar^ or secondary cells which, 
in their untransf ected state, do not make or 
contain erythropoietin; 
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b) transfectad primary or secondary cells which, 
in their uWtransf ected state, make or contain 
erythropoietin in abnormally low amounts or in 
defective fiorm; and 

c) transfectedt primary or secondary cells which, 
in their untransf ected form, make or contain 
erythropoietin in physiologically normal 
amounts . 

A primary or secondary cell of vertebrate origin 
transf ected with: 

a) exogenous DNA Which encodes erythropoietin; and 

b) DNA sequences,! sufficient for expression of the 
exogenous DNA in the primary or secondary cell, 

the sequences of (a)| and (b) present in the cell in 
an episome. 



The primary or secondary cell of vertebrate origin 
of Claim 10 selected from the group consisting of: 
fibroblasts, keratino&ytes, epithelial cells, 



endothelial cells, g} 
elements of the bl< 
and precursors theri 



The primary or secon^a 
of mammalian origins 



cells, neural cells, formed 
buscle cells, hepatocytes, 



cell of Claim 11 which is 



The primary or secondary cell of Claim 12 selected 
from the group consisting of: primary-^iuman cells, 
secondary human cells, Primary rabbit cells, and 
secondary rabbit cells. 
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14. 



15. 



05 



A clonal cell stra 
of vertebrate ori 
encoding 



n of transfected secondary cells 
ig^n which express exogenous DNA 
incorporated therein. 



erythropoietin 



The clonal cell -strain of Claim l^wherein the 
exogenous DNA is stably incorporated into genomic 
DNA of the transfected secondary cells. 
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The clonal cell strain of Claim l^-wherein the 
transfected secondary cells arer^selected from the 
group consisting of: 1 transfected secondary fibro- 
blasts, transfected secondary keratinocytes , trans- 
fected epithelial cells, transfected endothelial 
cells, transfected glial cells, transfected neural 
cells, transfected formed elements of the blood, 

Is, transfected hepatocytes, 
ors thereof. 



transfected muscle ce3 
and transfected precu 



The clonal cell strainfof transfected secondary 
cells of Claim 16 j /wher>fTH the transfected secondary 

in origin. 



cells are of mammalia 



The clonal strain o 
iim 17/wherein th 



: t; 



Claim 



3 tr 



afected secondary cells of 
sfected secondary cells of 
mammalian origin ar|* selected from the group con- 
sisting of: transfecteq secondary human cells and 



transfected secondary rc 

The clonal cell strain o 
exogenous DNA is present 
dary cells in an episome 



bbit cells. 

f Claim 14^herein the 
in the^xransf ected secon- 
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A heterogenous bell strain of transfected secondary 
cells of vertebrate origin having stably incor- 
porated into theVlr genomes: 

a) exogenous DNA encoding erythropoietin and 

b) DNA sequences sufficient for expression of the 
exogenous DNA in the transfected primary or 
secondary ceil. 

the heterogenous ctell strain capable of expressing 
erythropoietin . 



The heterogenous ceUl strain of Claim 2p<wherein 
the transfected priinary or secondary cells are 
selected from the grioup consisting of: transfected 
fibroblasts, transfejcted keratinocytes, transfected 
epithelial cells, trknsfected endothelial cells, 
transfected glial cells, transfected neural cells, 
transfected formed elements of the blood, trans- 
fected muscle cells, transfected hepatocytes, and 
transfected precursors? thereof. 



20 



22 



23. 



25 



ir\in of Claim 2i^rtiich is of 



The heterogenous eel 
mammalian origin. 



A heterogenous cell striain of Claim 22^selected from 
the group consisting ofl: transfected primary human 
cells, transfected secondary human cells, trans- 
fected primary rabbit c^lls, and transfected secon- 
dary rabbit cells. 
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24. 



A mixture of cells consisting essentially of trans- 
fected primary or secondary cells of Claim 1 and 
untransfected primary or secondary cells. 



25. A mixture of celJls consisting essentially of trans- 
05 fected primary or! secondary cells of Claim 3 ai 

untransfected priiiary or secondary cells. 
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26. A method of producing a clonal cell strain of 

transfected secondary cells of vertebrate origin 
which express exogenous DNA encoding erythropoietin 
incorporated thereih, comprising the steps of: 

a) producing a mixture of cells of vertebrate 
origin containing primary cells; 

b) transfecting primary cells produced in (a) with 
a DNA construct \comprising exogenous DNA 
encoding erythropoietin and additional DNA 
sequences sufficient for expression of the 
exogenous DNA in Vthe primary cells, thereby 
producing transfectep primary cells which 
express the exo<WAouk DNA encoding erythropoie- 
tin; 



25 



c) culturing a trai 



ifecfced primary cell which 



expresses the e^Dg4nt>us DNA encoding erythro- 
poietin produced iri (b) , under conditions 
appropriate for probagating the transfected 
primary cell which expresses the exogenous DNA 
encoding erythropoietin, thereby producing a 
clonal cell strain of transfected secondary 
cells from the transfiected primary cell. 
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27. The method of ClaVLm 26 wherein the primary cells are 
selected from thelgrcmp consisting of: fibroblasts, 
keratinocytes, epithelial cells, endothelial cells, 
glial cells, neural cells, formed elements of the 
blood, muscle cells, hepatocytes, and precursors 
thereof. 



28. The method of Claiih 
primary cell is of 



27 / wherein the transfected 
mammalian origin. 



The method of Claim! ^wherein the primary cell is 
selected from the gtoup consisting of: primary human 
cells, and primary ^boit/Cells . 

The method of Claim wherein in step (b) the 
primary cell of vertdbrate origin is additionally 
transfected with DNA (encoding a selectable marker. 



The method of Claim 3< 
selected from the gr< 
keratinocytes, epithe] 
glial cells, neural 
blood, transfected 
precursors thereof. 



herein the primary cell is 
pnsisting of: fibroblasts, 
fial/ cells, endothelial cells, 
ormed elements of the 
Le ceflls, hepatocytes, and 



32. The method of Claimfej^wherein the primary cell is 
of mammalian origin. 



33. 



25 



The method of Claim 3 2/i/herein the primary cell is 
selected from the group (consisting of: primary 
human cells and primary trabbit cells. 
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A method of producing a clonal cell strain of 
transfected secondary cells of vertebrate origin 
which express exogenous DNA encoding erythropoietin 
incorporated thertein, comprising the steps of: 

a) providing a fixture of cells of vertebrate 
origin containing primary cells; 

b) producing a population of secondary cells from 
the primary cells provided in (a) ; 

c) transfecting secondary cells produced in (b) 
with a DNA construct comprising exogenous DNA 
encoding erythropoietin and additional DNA 
sequences sufficient for expression of the 
exogenous DNA in the secondary cells, thereby 
producing transfected secondary cells which 
express the exogenous DNA encoding erythropoie- 
tin; and 1 

d) culturing a transfected secondary cell which 
expresses the DNA encoding erythropoietin, 
produced in (c) , under conditions appropriate 
for propagating the transfected secondary cell 
which expresses tfte^ekogenous DNA encoding 
erythropoietin, j\ J 

thereby producing a cloWaTT^isell strain of trans- 
fected secondary cells\ frojn the transfected second- 
ary cell of (d) . ^\\ 

The method of Claim 3^wnerein the primary cells are 
selected from the group consisting of: fibroblasts, 
keratinocytes, epithelial \cells, endothelial cells, 
glial cells, neural cells, \ formed elements of the 
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blood, muscle cel^s, hepatocytes, and precursors 
thereof. 

36. The method of Claim! 35/Wherein the transfected 
primary cell is ,of mammalian origin. 
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05 37 • The method of Claim 136/wherein the primary cell is 

selected from the group consisting of: primary human 
cells and primary rabbit cells. 

1 / 

38. The method of Claim 3tt -wherein in step (c) the 
secondary cells of vertebrate origin are 

10 additionally transfected with DNA encoding a 

selectable marker. 

39. The method of Claim 38iwherein the primary cell is 
selected from the group! consisting of: fibroblasts, 
keratinocytes, epithelikl cells, endothelial cells, 

15 glial cells, neural cells, formed elements of the 

blood, transfected muscle cells, hepatocytes, and 
precursors thereof. 



40. The method of Claim 3 
of mammalian origin.. 




the primary cell is 



20 41. The method of Claim.^fQ^h^rein the primary cell is 
selected from the group consisting of: primary 
human cells and primary rabbit cells. 



42. The method of Claim.^4 wherein, in step (c) , 
secondary cells are transfected with the DNA 
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43. 



construct comprising exogenous DNA encoding 
erythropoietin by combining the primary cells and 
the DNA construct comprising exogenous DNA encoding 
erythropoietin and \subjecting the resulting 
combination to electroporation under conditions 
which result in production of at least one primary 
cell having exogenous DNA stably integrated into 
genomic DNA. 




The method of Claim 42/wherein electroporation is 
carried out at an electroporation voltage of between 
250 and 300 volts andl a capacitance setting of 
approximately 960 /xFafrads. 
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44. The method of Claim 34^ wherein in step (c) secondary 
cells are transfected ilith the DNA construct com- 

15 prising exogenous DNA fly microinjecting the DNA 

construct comprising exogenous DNA into the secon- 
dary cells. 

45. The method of Claim 34/v herein in step (c) , secon- 
dary cells are transf ecteHN with the DNA construct 

20 comprising exogenous DNA b4 calcium phosphate 

precipitation, modified foudium phosphate 
precipitation, liposome fusion methodologies, 



receptor mediated tran 



bombardment, and polybtenle precipitation. 



micro-projectile 



25 46. The method of Claim 34/whirein in step (c) , the 
exogenous DNA is intrfoduced into genomic DNA by 
homologous recombination between DNA sequences 
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present in the exogenous DNA construct and genomic 
DNA. 

The method of ClaUm 3 ^Additionally comprising 
transfecting in -step^ [c) , second cells produced in 
step (a) with a DNA construct comprising DNA encod- 
ing a selectable marker. 



A method of producing a heterogenous cell strain of 
transfected secondary cells of vertebrate origin 
which express exogenous DNA encoding erythropoietin 
stably incorporated \into the genome of said second- 
ary cells, comprising the steps of: 

a) producing a mixture of cells of vertebrate 
origin containing primary cells; 

b) transfecting primary cells produced in (a) with 
exogenous DNA encoding erythropoietin and 
operatively linkep to DNA sequences of non- 
retroviral origin! sufficient for expression of 
the exogenous DNA 1 in transfected secondary 
cells, thereby producing a mixture of primary 

lpd|es\ transfected primary cells 
genous DNA encoding 



c) 



cells which inc: 
which express ttj 
erythropoietin ; 
culturing the prU>di 
appropriate for 



of (b) under conditions 
agation of transfected 
primary cells which lexpress the exogenous DNA 
encoding erythropoietin, 
thereby producing a heterogenous cell strain of 
transfected secondary cells of vertebrate origin 



w 1ft 
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which express the jexogenous DNA encoding erythro- 
poietin. 

49. The method of Claiii 48 / wherein the vertebrate is a 
mammal and and the primary cells are selected from 

05 the group consisting of: fibroblasts, keratino- 

cytes, epithelial cells, endothelial cells, glial 
cells, neural cells! formed elements of the blood, 
muscle cells, hepatdcytes, and precursors thereof. 

50, The method of Claim 48ywherein, in step (b) , primary 
10 cells are transf ecteowith the DNA construct 

comprising exogenous DNA encoding a therapeutic 
product by combining the primary cells and the DNA 
construct comprising exogenous DNA encoding a 
therapeutic product and subjecting the resulting 
15 combination to electroporation under conditions 

which result in production of at least one secondary 
cell having exogenous qNA stably integrated into 
genomic DNA. 



51, 
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52 
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The method of Claim 50 Aherk 
carried out at an elecfcttlotfjora 
250 and 300 volts and \aj ttapa 
approximately 960 pFarl 



in electroporation is 
ion voltage of between 
itance setting of 



The method of Claim 49f wherein in step (b) primary 
cells are transfected witn the DNA construct com- 
prising exogenous DNA by itiicroinjecting the DNA 
construct comprising exogenous DNA into the primary 
cells . 
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53. The method of Claim 48/wherein in step (b) , secon- 
dary cells are traiisf ected with the DNA construct 
comprising exogenous DNA by a method selected from 
the group consisting of: calcium phosphate 
precipitation, modified calcium phosphate 
precipitation, liposome fusion methodologies, 
receptor mediated transfer, micro-projectile 
bombardment, and poltybrene. precipitation. 
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54. The method of Claim 48/wherein in step (b) trans- 
10 f ected primary cells [are produced by introducing 

into primary cells produced in (a) a construct which 
undergoes homologous Recombination with genomic DNA 
of the primary cells, I thereby resulting in intro- 
duction of the construct into the genomic DNA. 



En 

13 



15 55. The method of Claim 481 additionally comprising 

transf ecting in step / (b) , primary cells produced in 
step (a) with a DNA construct comprising DNA encod- 
ing a selectable markei 



20 



25 



56. A method of producing 
transfected secondary 
which express exogenou] 
stably incorporated in 
ary cells, comprising/ 



;erogenous cell strain of 
|lAs of vertebrate origin 
)NA encoding erythropoietin 
fhe genome of said second- 
steps of 

a) providing a mixture lof cells of vertebrate 
origin containing primary cells; 

b) producing a population of secondary cells from 
the primary cells provided in (a) ; 
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c) transf ectind secondary cells produced in (b) 
with exogenous DNA encoding erythropoietin and 
operatively linked to DNA sequences of non- 
retroviral origin sufficient for expression of 
the exogenous! DNA in transf ected secondary 
cells, thereby producing a mixture of secondary 
cells which includes transfected secondary 
cells which exbress the exogenous DNA encoding 
erythropoietin! 

d) culturing the Aroduct of (c) under conditions 
appropriate fori propagation of transfected 
secondary cells! which express the exogenous DNA 
encoding a therapeutic product, 

thereby producing a Heterogenous cell strain of 
transfected secondary! cells of vertebrate origin 
which express the exogenous DNA encoding erythro- 
poietin. 

The method of Claim 5Mwherein the vertebrate is a 
mammal and and the primary cells are selected from 
the group consisting ofl:/Of ibroblasts, keratino- 
cytes, epithelial cellsjj, endothelial cells, glial 



cells, neural cells 
muscle cells, hepatb 



ftes a: 



^elements of the blood, 
precursors thereof. 



30 



The method of Claim^Ste^wtierein, in step (c) , secon- 
dary cells are transfected with the DNA construct 
comprising exogenous DNA Encoding a therapeutic 
product by combining the brimary cells and the DNA 
construct comprising exogenous DNA encoding a 
therapeutic product and s^tbjecting the resulting 
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combination to electroporation under conditions 
which result in production of at least one secondary 
cell having exogenous DNA stably integrated into 
genomic DNA, 



. Ft 



fli 



05 59. The method of C la im\ 5JT wherein electroporation is 

carried out at an electroporation voltage of between 
250 and 300 volts an\d a capacitance setting of 
approximately 960 ^Fkrads. 
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60. The method of Claim S6 ^herein in step (c) secondary 
cells are transfectec with the DNA construct com- 
prising exogenous DNA by microinjecting the DNA 
construct comprising (exogenous DNA into the secon- 
dary cells. 

61. The method of Claim 5d^/herein in step (c) , secon- 
dary cells are transacted with the DNA construct 
comprising exogenous DNA by a method selected from 



the group consisting o 
tation, modified calcii 
liposome fusion meth 
transfer, micro-proj 
polybrene precipitati 



calcium phosphate precipi- 
hosphate precipitation, 
ies, receptor mediated 
'le jbombardment , and 



25 



62. The method of Claim 5^ 1 where in in step (c) trans- 
fected secondary cells aire produced by introducing 
into secondary cells produced in (b) a construct 
which undergoes homologous recombination with 
genomic DNA of the secondary cells, thereby 
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resulting in inti 
genomic DNA. 



loduction of the construct into the 
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63. The method of Claih ep-; wherein in step (.c) trans- 
fected secondary ctells are produced by introducing 
05 into secondary cells produced in (b) a construct 

which undergoes homologous recombination with 
genomic DNA of the Secondary cells, thereby result- 
ing in introduction! of the construct into the 
genomic DNA. 

10 64. The method of Claim fee/additionally comprising 

transfecting in stepl(c), secondary cells produced 
in step (b) with a Dm construct comprising DNA 
encoding a selectable! marker . 



15 



65. A method of producing \a clonal cell strain of 

secondary fibroblasts bf mammalian origin which 
express exogenous DNA encoding erythropoietin upon 
introduction into a mammal, comprising the steps of: 



20 
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a) providing primary 
origin; 

b) producing a popu 
from the primary 

c) combining the sec 
ian origin with 
i) exogenous DN 



fibroblasts of mammalian 



Drot 



ii) 



of secondary fibroblasts 
lasts provided in (a) ; 
fibroblasts of mammal- 
A construct comprising: 
ncoding erythropoietin to 
be expressed iri the fibroblasts; and 
additional DNA sequences of non-retroviral 
origin sufficient for expression of the 
exogenous DNA in\ the fibroblasts; 



• 
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d) subjecting the combination produced in (c) to 
electropobration under conditions which result 
in transaction of the vector into the secon- 
dary fibroblasts of mammalian origin, thereby 
producing a mixture of transfected secondary 
fibroblasts of mammalian origin and non- 
transfectedj secondary fibroblasts of mammalian 
origin; 

e) isolating a Itransfected secondary fibroblast of 
mammalian origin produced in (d) ; and 

f ) culturing thk transfected secondary fibroblast 
of mammalian lorigin isolated in (e) under 
conditions appropriate for production of a 
clonal population consisting essentially of 
transfected secondary fibroblasts of mammalian 
origin which express the exogenous DNA encoding 
erythropoietin, 



The method of Claim 
poration is carried 
voltage of between 
tance setting of a\ 




^erein in step (d) electro- 
an electroporation 
\300 volts and a capaci- 



ima£ely 9 60 \l Farads. 



The method of Claim '6^/further comprising maintain- 
ing the product of ffnfor sufficient time and under 
appropriate conditions If or at least 20 doublings of 
the transfected secondary cells which express the 
exogenous DNA to occur.' 



A method of providing erythropoietin in an effective 
amount to a/m^rfimal, comprising the steps of: 
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obtaining a source of primary cells from the 
mamma 1 ; / 

transfecting primary cells' obtained in (a) with 
a DNA construct comprising exogenous DNA 
encoding erythropoietin and additional DNA 
sequences sufficient for expression of the 
exogenous DNA in the ptfimary cells, thereby 
producing transfected /primary cells which 
express the exogenous/ DNA encoding the thera- 
peutic product:/ / 

culturing a transfected primary cell which 
expresses thye exogenous DNA encoding erythro- 
poietin produce/a in (b) , under conditions 
appropriate! foil c/ropagating the transfected 
primary cey/whl^h expresses the exogenous DNA 
encoding ery thrApb^tin , thereby producing a 
clonal cell strain of transfected secondary 
cells from thi transfected primary cell; 
culturing the* clonal cell strain of transfected 
secondary cells produced in (c) under condi- 
tions appropriate for and sufficient time for 
the clonal/ cell strain of transfected secondary 
cells to Undergo a sufficient number of doub- 
lings to /provide a sufficient number of trans- 
fected secondary cells to produce an effective 
amount of erythropoietin; and 
introducing transfected secondary cells pro- 
duced /in (d) into the mammal in sufficient 
number to produce an effective amount of 
erythropoietin in the mammal. 
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The method of providing erythropoietin in an 
effective amount to a mammal of /claim J5£>w?ierein the 
primary cells are selected front the group consisting 
of: fibroblasts, keratinocyte/s, epithelial cells, 
endothelial cells, glial cell/s, neural cells, formed 
elements of the blood, hepatyocytes, and precursors 
thereof. 



A method of providing/erythropoietin in an effective 
amount to a mammal , /comprising the steps of: 
a) obtaining a source yof primary cells from the 
mammal ; 



b) 
c) 



d) 



producing a/ po\ 
the primary eel 



ulation of secondary cells from 



provided in (a) ; 
transfect|ng/seb6ndaryycells produced in (b) 
with a DNA^onstrttet^comprising exogenous DNA 
encoding erythropoietin and additional DNA 
sequences sufficient for expression of the 
exogenous DNA/ in the primary cells, thereby 
producing transfected secondary cells which 
express the /exogenous DNA encoding erythro- 
poietin; 

culturing d transfected secondary cell which 
expresses /the exogenous DNA encoding erythro- 
poietin produced in (c) , under conditions 
appropria/te for propagating the transfected 
secondary cell which expresses the exogenous 
DNA encoding erythropoietin, thereby producing 
a clonaA cell strain of transfected secondary 
cells |rom the transfected secondary cell; 
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e) culturing the clonal cell strain of transfected 
secondary cells produced in (d) Amder con- 
ditions appropriate for and sufficient time for 
the clonal cell strain of transfected secondary 
cells to undergo a sufficient mumber of doub- 
lings to provide a sufficient/ number of trans- 
fected secondary cells to produce an effective 
amount of erythropoietin; and 

f) introducing transfected secondary cells pro- 
duced in (e) into the itfammal in sufficient 
number to produce an/effective amount of 
erythropoietin . 



71. The method of providing a -therapeutic product in an 
effective amount to af mainmab. of Claim j^O^wherein the 
15 primary cells are seiectejfl fxom the group consisting 

of: fibroblasts, kdrat^ocytes^_3pirthelial cells, 
endothelial cells, grial cells, neural cells, formed 
elements of the blood, /hepatocytes and precursors 
thereof. 



20 72. A method of producing erythropoietin in an effective 
amount to a mammal ,/ comprising the steps of: 

a) obtaining a source of primary cells from the 
mammal; / 

b) transf ecting/ primary cells obtained in (a) with 
25 exogenous DNA encoding erythropoietin and 

operatively linked to DNA sequences of non- 
retroviral/ origin sufficient for expression of 
the exogenous DNA in transfected secondary 
cells, thereby producing a mixture of primary 
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cells which includes transfected primary cells 
which express the exogenous pNA encoding 
erythropoietin ; 

c) culturing the product of (tf) under conditions 
appropriate for propagation of transfected 
primary cells which express the exogenous DNA 
encoding erythropoietin/ thereby producing a 
heterogenous cell strai/n of transfected second- 
ary cells of vertebrate origin which express 
the exogenous DNA encoding erythropoietin; and 

d) introducing transfected secondary cells pro- 
duced in (c) irvto the mammal in sufficient 
number to produce in effective amount of 
erythropoietin in/the mammal. 

The method of qlaiiA 7fe^ wherein the primary cells 
are selected f rfom /tn)fe group/consisting of: fibro- 
blasts, keratinocytes^-eplthelial cells, endothelial 
cells, glial cells/ neural cells, formed elements of 
the blood, hepatoaytes, and precursors thereof. 



A method of prov/Lding erythropoietin in an effective 
amount to a mammal, comprising the steps of: 

a) obtaining/a source of primary cells from the 
mammal ; 

b) producing a population of secondary cells from 
the priinary cells provided in (a) ; 

c) transfecting secondary cells produced in (b) 
with exogenous DNA encoding erythropoietin and 
operatively linked to DNA sequences of non- 
retyoviral origin sufficient for expression of 



the exogenous DNA in transfected secondary 
cells, thereby producing a mixture of secondary 
cells which includes transfected secondary 
cells which express the exogenous DNA encoding 
erythropoietin; / 
d) culturing the product of /(c) under conditions 
appropriate for propagation of transfected 
secondary cells which express the exogenous DNA 
encoding erythropoietin, thereby producing a 
heterogenous cell strain of transfected secon- 
dary cells of vertebrate origin which express 
the exogenous DNA encoding erythropoietin; and 



e) introducing transfected secondary cells pro- 
duced in (cy into the mammal in sufficient 
number to produce an effective amount of 
erythropoietin/ in the mammal. 

The method of (claim \74Wherein the primary cells are 
selected from the group consisting of: fibroblasts, 
keratinocytes, epithelial cells, endothelial cells, 
glial cells, neural cells, formed elements of the 
blood, hepatocytes, and precursors thereof. 

A method of /providing erythropoietin to a mammal at 
biologically significant levels, comprising adminis- 
tering to rhe mammal transfected primary or secon- 
dary cells of mammalian origin which express ery- 
thropoietin in sufficient quantity to produce 
physiologically relevant levels in the mammal. 
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77. The method of Claim 76 whe-fein the transfected 

primary or secondary ce'lls are selected from the 
group consisting of^primary human pells, primary 
rabbit cells. 
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05 78. A transfected primary or secondary cell of verte- 
brate origin having stably integrated into its 
genome: 

a) exogenous DNA which encodes a glucagon-like 
peptide 1 related pept/ide with insulinotropin 
activity, and 

b) DNA sequences, /Sufficient for expression of the 
exogenous DNA'in tYye transfected primary or 
secondary cell, 

the primary or secondary cell capable of expressing 
the glucagon-like peptide 1 related peptide. 



10 
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79. The trans f ectedjprmary or secondary cell of verte- 
brate origin of Cl'aiifPT8^se^rected from the group 
consisting of: transfected fibroblasts, transfected 
keratinocytes, transfected epithelial cells, trans- 
fected endothelial cells, transfected glial cells, 
transfected neural cells, transfected formed ele- 
ments of the/blood, transfected muscle cells, 
transf ected/hepatocytes, and transfected precursors 
thereof. 



25 80. The transfected primary or secondary cell of Claim 
79 which is of mammalian origin. 
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81. The transfected primary or secondary cell of Claim 
80 selected from the group consisting of: trans- 
fedted primary human cells, transacted secondary 
human cells, transfected primary/ rabbit cells and 
transfected secondary rabbit cells. 
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82. The transfected primary or secondary cell of verte- 
brate origin of Claim 7^trfhidh additionally includes 
DNA encoding a selectable marker. 

/ / 

83. The transfected primary or/ secondary cell of Claim 

82/selected from the j^rpup consisting of: trans- 
fected fibroblast s,/traWf ected keratinocytes, 
transfected epithelial cells, transfected endothe- 
lial cells, transfected glial cells, transfected 
neural cells, transf doxed forced elements of the 
15 blood, transf ecljed inukcle^ells, transfected hepato- 

cytes and transferred precursors thereof. 

84. The transfected primary or secondary cell of Claim 
83 which is of mammalian origin. 



85. The transfected primary or secondary cell of verte- 
20 brate origin of /Claim 78 selected from the group 

consisting of: 

a) transf ectfed primary or secondary cells which, 
in their /untransf ected state, do not make or 
contain /a glucagon-like peptide 1 related 

25 peptide 

b) transacted primary or secondary cells which, 
in their untransf ected state, make or contain a 
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glucagon- like peptide 1 related peptide in 
abnormally low amounts or defective form; 
and 

c) transfected primary or secondary cells which, 
in their untransf ected form, make or contain a 
glucagon- like peptide 1 related peptide in 
physiologically normal: amounts. 
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86, A primary or secondary c^ll of vertebrate origin 
transfected with: 

10 a) exogenous ^hi^h encodes a glucagon-like 

peptide 1 /relate^ peptide with insulinotropin 
activity/ and 

b) DNA sequences, /sufficient for expression of the 
exogenous roNA/in the primary or secondary cell, 
15 the sequences qi\ /a) ana/ (b) present in the cell in 

an episome. 

87. A clonal cell s'train of transfected secondary cells 
of vertebrate /origin which express exogenous DNA 
encoding a gl/ucagon-like peptide 1 related peptide 

20 incorporates therein. 



88. The clona]/ cell strain of Claim 87^wfierein the 

exogenous/ DNA is stably incorporated into genomic 
DNA of the transfected secondary cells. 



89. A heterogenous cell strain of transfected secondary 
25 cells /of vertebrate origin having stably incor- 

porat/ed into their genomes: 
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a) exogenous DNA encoding a glucagon-like peptide 
1 related peptide with instil inotropin activity 
and 

b) DNA sequences sufficient^ for expression of the 
exogenous DNA in the transfected primary or 
secondary cell, 

the heterogenous cell stra/n capable of expressing 
a glucagon-like peptide l/related peptide. 



A mixture of cel^s consisting essentially of trans- 
fected primary 6r secondary cells of Claim 78 and 
untransf ected primary/ or secondary cells. 



A method of riryducMj&g^a clonal cell strain of 
transfected secondary cells of vertebrate origin 
which express exoc/enous DNA encoding a glucagon-like 
peptide 1 related peptide incorporated therein, 
comprising the syceps of: 

a) producing a mixture of cells of vertebrate 
origin containing primary cells; 

b) transfectfing primary cells produced in (a) with 
a DNA construct comprising exogenous DNA 
encoding a glucagon-like peptide 1 related 
peptide/ and additional DNA sequences sufficient 
for expression of the exogenous DNA in the 
primary cells, thereby producing transfected 
primary cells which express the exogenous DNA 
encoding a glucagon-like peptide 1 related 
peptide; and 
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c) culturing a transfected primary cell which 
expresses the exogenous /DNA encoding a 
glucagon-like peptide oY related peptide 
produced in (b) , under/ conditions appropriate 
for propagating the transfected primary cell 
which expresses the exogenous DNA encoding a 
glucagon-like peptide 1 related peptide, 
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thereby producing a clonal cell strain of 
transfected second, :ells from the transfected 
primary cell. 



fodui 



92 . A method of p 

transfected geco 
which express e£o 



:y ce] 



a clonal cell strain of 

s of vertebrate origin 
nous/DNA encoding a glucagon-like 
peptide 1 relaxed /peptide incorporated therein, 
comprising the st/eps of: 

a) providing eJ mixture of cells of vertebrate 
origin containing primary cells; 

b) producing/ a population of secondary cells from 
the primary cells provided in (a) ; 

c) transfecting secondary cells produced in (b) 
with a DNA construct comprising exogenous DNA 
encoding a glucagon-like peptide 1 related 
peptide and additional DNA sequences sufficient 
for expression of the exogenous DNA in the 
secondary cells, thereby producing transfected 
secondary cells which express the exogenous DNA 
encoding a glucagon-like peptide 1 related 
peptide; and 



-85- 



5 

C3 



05 



10 



15 



20 



25 



d) culturing a transfected secondary cell which 
expresses the DNA encoding /a glucagon-like 
peptide 1 related peptide /produced in (c) , 
under conditions appropriate for propagating 
the transfected secondar/y cell which expresses 
the exogenous DNA encoding a glucagon-like 
peptide 1 related peptide, 
thereby producing a clonal/ cell strain of trans- 
fected secondary cells frpm the transfected second- 
ary cell of (d) . 

93. A method of producing f af heterogenous cell strain of 
transfected secondary cells of vertebrate origin 
which express exogenous DNA encoding a glucagon-like 
peptide 1 related peptide stably incorporated into 
the genome of said ysectodarycells, comprising the 
steps of: 

a) producing a mixture of cells of vertebrate 
origin containing primary cells; 

b) transfecting primary cells produced in (a) with 
exogenous DNA encoding a glucagon-like peptide 
1 related peptide and operatively linked to DNA 
sequences /of non-retroviral origin sufficient 
for expre/ssion of the exogenous DNA in 
transfecred secondary cells, thereby producing 
a mixture of primary cells which includes 
transfe/cted primary cells which express the 
exogenous DNA encoding a glucagon-like peptide 
1 related peptide; 

c) culturing the product of (b) under conditions 



appropriate for propagation of transfected 
primary cells which express the exogenous DNA 
encoding a glucagon- like/ peptide 1 related 
peptide, 

thereby producing a heteroge/nous cell strain of 
transfected secondary cells/ of vertebrate origin 
which express the exogenous DNA encoding a glucagon- 
like peptide 1 related peptide. 

A method of producing a clonal cell strain of 
secondary fibroblasts off mammalian origin which 
express exogenous nn(S encoding a glucagon- like 
peptide 1 related/peptide upon incorporation into 
the genome of th^ secondary fibroblast, comprising 
the steps of: 

a) providing fcrfta^y fibroblasts of mammalian 
origin; 

[on of secondary fibroblasts 
from the primary fibroblasts provided in (a) ; 

c) combining the secondary fibroblasts of mammal- 
ian origin with a DNA construct comprising: 

i) exogenous DNA encoding a glucagon-like 
peptide 1 related peptide to be expressed 
in the fibroblasts; and 

ii) additional DNA sequences of non-retroviral 
origin sufficient for expression of the 
exogenous DNA in the fibroblasts; 

d) subjecting the combination produced in (c) to 
electroporation under conditions which result 
in transfection of the vector into the secon- 
dary fibroblasts of mammalian origin, thereby 
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producing a mixture of transfeoxed secondary 
fibroblasts of mammalian origim and non- 
transfected secondary fibroblasts of mammalian 
origin; 

e) isolating a- transfected secondary fibroblast of 
mammalian origin produced/ in (d) ; and 

f) culturing the transfected secondary fibroblast 
of mammalian origin isolated in (e) under 
conditions appropriate' for production of a 
clonal population consisting essentially of 
transfected secondary fibroblasts of mammalian 
origin which express the exogenous DNA encoding 
a glucagon- like peptide 1 related peptide. 



A method of Clai] 
peptide 1 relat^ 
derivative sel< 
GLP-1 (7-37), GLP-/ 



(7 



therein the glucagon-like 
)tide is a glucan-like peptide 1 
irom the /jroup consisting of 
^-1(7-35) GLP-l(7-34) 



and other truncated carboxy-terminal amidated 
derivatives and/ derivatives of GLP-1 which have 
amino acid substitutions, deletions, additions or 
other alterations (e.g., addition of a non-amino 
acid component) which result in biological activity 
or stability in the blood which is substantially the 
same as that of a truncated GLP-1 derivative or 
enhanced biological activity or stability in the 
blood. 



96. A methoA of providing a glucagon-like peptide 1 

related peptide in an effective amount to a mammal, 
comprising the steps of : 



9 * 



88 



obtaining a source of primary cells from the 
mammal; / 

transfecting primary cells ol/tained in (a) with 
a DNA construct comprising ^exogenous DNA 
encoding a ^lucagon-like peptide 1 related 
peptide and additional DNA sequences sufficient 
for expression of the exogenous DNA in the 
primary cells, thereby Producing transfected 
primary cells which express the exogenous DNA 
encoding a glucagon-l/ike peptide 1 related 
peptide; / / 

culturing a ytransfefcted primary cell which 
expresses the exogenous DNA encoding a 
glucagon-l/ike peptide 1/ related peptide pro- 
duced in Kb) , untier cor/ditions appropriate for 
propagati/ng transit ected primary cell which 

expresses^-the yfccogenous DNA encoding a 
glucagon- like/ peptide 1 related peptide, 
thereby producing a clonal cell strain of 
transfected/ secondary cells from the trans- 
fected primary cell; 

culturing/the clonal cell strain of transfected 
secondary cells produced in (c) under condi- 
tions appropriate for and sufficient time for 
the clafnal cell strain of transfected secondary 
cells yto undergo a sufficient number of doub- 
lings/ to provide a sufficient number of trans- 
fected secondary cells to produce an effective 
amount of a glucagon- like peptide 1 related 
peptide; and 



e) introducing transfected secondary cells pro- 
duced in (d) into the mammal in sufficient 
number to produce an effective/ amount of a 
glucagon-like peptide 1 related peptide in the 
mammal. - / 

The method of providing a therapeutic product in an 
effective amount to a mammal of Claim 95 wherein the 
primary cells are selected frybm the group consisting 
of: fibroblasts, keratinocy/fces, epithelial cells, 
endothelial cells, glial ce/ils, neural cells, formed 
elements of the blood^jheoatocytes and precursors 
thereof. / / 

A method of Claim 97 wherein the glucagon-like 
peptide 1 related peptade is a glucan-like peptide 1 
derivative selejfctedf\firom the jgroup consisting of 
GLP-l(7-37), GI^^t)(36)^I^-1(7-35) GLP-l(7-34) 
and other truncated^ carboxy-terminal amidated 
derivatives and derivatives of GLP-1 which have 
amino acid substitutions , deletions, additions or 
other alterations (e.g., addition of a non-amino 
acid component)/ which result in biological activity 
or stability yh the blood which is substantially the 
same as that Lf a truncated GLP-1 derivative or 
enhanced biological activity or stability in the 
blood. / 

A method df providing a glucagon-like peptide 1 
related tfeptide in an effective amount to a mammal, 
comprising the steps of: 
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obtaining a source of primary cells from the 
mamma 1 ; 

producing a population of secondary cells from 
the primary cells provided in (a) ; 
transfecting secondary cells produced in (b) 
with a DNA construct comprising exogenous DNA 
encoding a glucagon-like peptide 1 related 
peptide and additional DNA sequences sufficient 
for expression of the exogenous DNA in the 
primary cells, ytfiereby producing transfected 
secondary ceMs which express the exogenous DNA 
encoding gli/cagon/like peptide; 
culturing a transfected secondary cell which 
expresses /the exogenous DNA encoding glucagon- 
like peptide jmpduced i^n (c) , under conditions 
appropriate for propagating the transfected 
secondary \cail which expresses the exogenous 
DNA encoding a glucagon-like peptide 1 related 
peptide, thereby producing a clonal cell strain 
of transfected secondary cells from the trans- 
fected secondary cell; 

culturing the clonal cell strain of transfected 
secondary cells produced in (c) under con- 
ditions appropriate for and sufficient time for 
the clonal cell strain of transfected secondary 
cells to undergo a sufficient number of doub- 
lings to provide a sufficient number of trans- 
fected secondary cells to produce an effective 
amount of a glucagon-like peptide 1 related 
peptide; and 
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f) introducing transfected secondary cells pro- 
duced in (e) into the mammal in sufficient 
number to produce an effective amount of a 
glucagon-like peptide 1 delated peptide. 

A method of Claim 99 whereiri the glucagon-like 
peptide 1 related peptide is a glucan-like peptide 1 
derivative selected from t/he group consisting of 
GLP-l(7-37), GLP-1 (7-36) / GLP-1 (7-35) GLP-l(7-34) 
and other truncated carboxy-terminal amidated 
derivatives and derivatives of GLP-1 which have 
amino acid substitutions,, deletions, additions or 
other alterations^ (ey^f. J addition of a non-amino 
acid component) wyh^cji^result in biological activity 
or stability /in the* blood which is substantially the 
same as that/ oy a /truncated GLP-1 derivative or 
enhanced biorogical activity or stability in the 
blood. / 

A method of pre/ducing a glucagon-like peptide 1 
related peptide in an effective amount to a mammal, 
comprising thfe steps of: 

a) obtainyng a source of primary cells from the 
mamma] 

b) tran&fecting primary cells obtained in (a) with 
exogenous DNA encoding a glucagon-like peptide 

1 Related peptide and operatively linked to DNA 
sequences of non-retroviral origin sufficient 
fefr expression of the exogenous DNA in trans- 
fected secondary cells, thereby producing a 
/mixture of primary cells which includes 
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d) 



transfected primary cells which/ express the 
exogenous DNA encoding a glucaKjon-like peptide 
1 related peptide; 
c) culturing the product of (b/j under conditions 
appropriate for propagation of transfected 
primary cells which express the exogenous DNA 
encoding a glucagon- like^ peptide 1 related 
peptide, thereby producing a heterogenous cell 
strain of transf ected/secondary cells of 
vertebrate oriqin which express the exogenous 
DNA encoding^ a /glucagon-like peptide 1 related 
peptide; 

/fected secondary cells pro- 
2 mammal in sufficient 
effective amount of a 
1 related peptide in the 



A method of Claim lOO^wherein the glucagon-like 
peptide 1 related peptide is a glucan-like peptide 1 
derivative selected from the group consisting of 
GLP-l(7-37)/ GLP-l(7-36) , GLP-l(7-35) GLP-l(7-34) 
and other ytruncated carboxy-terminal amidated 
derivatives and derivatives of GLP-1 which have 
amino ac/id substitutions, deletions, additions or 
other alterations (e.g., addition of a non-amino 
acid component) which result in biological activity 
or stability in the blood which is substantially the 
same as that of a truncated GLP-1 derivative or 
enhanced biological activity or stability in the 
blood. 
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A method of providing a glucagon-^ ike peptide 1 
related peptide in an effective /amount to a mammal, 
comprising the steps of : / 

a) obtaining a source of primary cells from the 
mammal; - / 

b) producing a populatioil of secondary cells from 
the primary cells provided in (a) ; 

c) transfecting secondary cells produced in (b) 
with exogenous DNA encoding a glucagon-like 
peptide l/relatejfl peptide and operatively 
linked tp DNA sequences of non-retroviral 
origin ysufficifent for expression of the exo- 
genous/ DNA in transfected secondary cells, 
thereby Producing a/ mixture of secondary cells 
which [includes trarisf ected secondary cells 
which express-^he exogenous DNA encoding a 
glucagon/like peptide 1 related peptide; 

d) culturiiig the product of (c) under conditions 
appropriate for propagation of transfected 
secondary cells which express the exogenous DNA 
encoding a glucagon-like peptide 1 related 
pepyide, thereby producing a heterogenous cell 
strain of transfected secondary cells of 
vertebrate origin which express the exogenous 
DNA encoding glucagon-like peptide; and 

e) introducing transfected secondary cells pro- 
duced in (c) into the mammal in sufficient 
number to produce an effective amount of a 
glucagon-like peptide 1 related peptide in the 
mammal . 
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104. A method of Claim lO^/Wherey! the glucagon-like 

peptide 1 related peptide is a glucan-like peptide 1 
derivative selected from tfre group consisting of 
GLP-l(7-37), GLP-1 (7-36) ,/ GLP-1 (7-35) GLP-1 (7-34) 
and other truncated carboxy-terminal amidated 
derivatives and derivatives of GLP-1 which have 
amino acid substitutions, deletions, additions or 
other alterations (e.A., addition of a non-amino 
acid component) which result in biological activity 
or stability in the/blood which is substantially the 
same as that of a truncated GLP-1 derivative or 
enhanced biological activity or stability in the 
blood. 
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105. A method of fcrMfiding erythropoietin in an effective 
amount to a/majnifaal, comprising introducing into the 
mammal a barrier\dev^ce containing: 

a) transfected primary cells expressing exogenous 
DNA encoding erythropoietin, 

b) transacted secondary cells expressing 
exogenous DNA encoding erythropoietin, 

c) or both a) and b) , 

wherein tine barrier device is made of a material 
which permits passage of erythropoietin into the 
circulation or tissues of the mammal and prevents 
contacts between the immune system of the mammal and 
the tnansfected cells contained within the barrier 
device to a sufficient extent to prevent a 
deleterious immune response by the mammal. 
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106. A method of providing erythropoietin in an effective 
amount to a mammal, comprising introducing into the 
mammal a DNA construct comprising exogenous DNA 
encoding erythropoietin and regulatory sequences 
sufficient for expression of erythropoietin in cells 
of the mainfna^,ywherein the DNA construct is taken up 
by cells/o£#£he mammal and is expressed therein. 

107 . The me£J>od o^jG^aim lC^tfherein the DNA construct is 
introduced into the mammal by direct injection into 
muscle. 




